This paper proposes a method for describing narrative structure that focuses on the behavior of characters in a story. In this approach, focus, polarity, dynamic, motivation, and result are assigned as attributes of behavior. As a case study, the plots of flash fictions by Shin'ichi Hoshi were analyzed and represented formally using such behavioral attributes. Specifically, this approach to plot description enabled the representation of "punch lines," which comprise a reversal of story elements (such as agent and recipient). Using software to analyze plot descriptions, certain types of reversal-type punch lines were automatically extracted. These extracted reversal patterns were sorted based on the rules of "similarity" and "distant foreshadowing," and valid reversal-type punch lines were extracted in 60% of the analyzed stories.
Introduction
In recent years, the development of information processing technologies has enabled various quantitative analyses of literature, including bibliometrics. Szilas and Richle (2013) , for example, tried to describe psychological conflicts among story characters using the concepts of "goal" and "plan" (concepts used in artificial intelligence). Further, Harrell, Kao, and Lim (2013) tried to automatically generate stories based on the social networks of characters. In addition to such studies, there have been many attempts to develop systems to automatically create stories using traditional humanities methods-such as structural analysis of relationships between characters (Barthes 1968) and conventional plot analysis (Propp 1968 , Bremond 1980 )-can be used to extract the characteristics of narrative structure and changes in narrative patterns (Murai et al. 2011 ). Moreover, the structures of "punch lines" can be detected by focusing on the behaviors of characters in a story (Murai 2014) .
The purpose of this research is to expand upon a plot analysis method suitable for describing parallel story lines and punch lines. The ability to describe punch lines in complex stories can facilitate the realization of a database suitable for capturing general narrative structures.
Therefore, this study aimed to develop a method for automatic punch-line extraction. Toward this end, flash fiction works by Shin'ichi Hoshi were analyzed as a case study, and a prototype JAVA program was developed.
Plot and Character Behavior
Once characters' behaviors are classified and registered in a database, it is useful to ascribe attributes to them to compare their functions in similar stories. For example, if the relationship between the protagonist and antagonist is hostile, the representation of hostility can take various forms, such as the destruction of property, reputational damage, or physical harm. However, it is desirable that such representations be categorized in a unified manner.
To identify changes in plot structure, it is useful to include in the database the relationships among the agents (subject characters), recipients (object characters), and targets (concrete objects) of certain behaviors. This method of analysis is particularly applicable to instances of situation reversal ("punch lines") in the narratives of Hoshi's flash fictions. In order to describe story lines, some situational descriptions about characters (e.g. someone's beauty changes to ugliness) were included as behaviors in this paper.
Therefore, in designing this study, the behaviors of characters were categorized according to three attributes: focus, polarity, and dynamic. Focus is the type of behavior, polarity is the negative and positive effects of the behavior, and the dynamic is the relationship between A (the agent) and B (the intended recipient) in the story.
First, concerning the focus of behaviors, five major categories (Target, Self, Situation, Intention, and Evaluation) are adopted in this version of the study. Within these major categories, there are fifteen subcategories (Murai 2014 It is expected that the list of behaviors will vary by genre and author. Hence, it is impossible to prepare a comprehensive list of all behaviors from the outset. Therefore, this paper lists the behaviors necessary for analyses conducted to date. Although tables 1, 2, and 3 (Murai 2014) do not provide a complete list of behaviors in all stories, it is assumed that the list and classifications will be extended appropriately in future analyses. Tables 1, 2 , and 3 show the current categorization based on the attributes of focus, polarity, and dynamic of the characters' behaviors that occur frequently in Hoshi's flash fictions. For example, when the major focus of the behavior is the target and the subcategory is information, positive behavior is related to actions about obtaining information, and negative behavior is related to the concealment of information. In addition, in the case of positive behavior, regarding the behavior (Investigation) that A displays, the most important role is categorized as first person.
Behavior (Question) that requires another character to satisfy is categorized as second person.
Behavior (Watch, such as watch TV) for which the source of the information is unclear is categorized as third person.
In order to evaluate the objectivity of these behavior category tables, another coder categorized behavior words independently and a correspondence ratio was calculated. Because of limitation of total categorized words, 15 focuses with positive and negative polarity (30 categories total) were evaluated with 3 words randomly selected in each category. Another coder determined first and second candidates of the categories for each randomly selected word. As a result, correspondence ratio of first candidate was 0.625, and it became 0.716 when second candidate was included. The kappa coefficient is generally utilized in order to evaluate validity of categories (Teufel and Moens 2002) . The kappa coefficient is defined as follows:
where P(A) is pairwise correspondence and P(E) random correspondence. The kappa coefficient for this correspondence was 0.612 (first candidate only) and 0.706 (second candidate included).
According to Landis and Koch's scale (Landis and Koch 1977) , a kappa coefficient of 0.61-0.80 is considered "substantial." Therefore, the validity of behavior categorization is considered to be assured.
Moreover, the motivation behind the behavior and its results were described in accordance with these three attributes in order to record the plot data before and after the behavior. Though the various motivations for the behaviors were placed into the categories corresponding to the behaviors, the person attribute was not included, and some categories were not filled (table 4) . Information about the narrative progression of stories that results from the characters' behavior is also essential in understanding the structure of the story. Therefore, in addition to the motivation and type of behavior, the results of the behavior should also be classified and stored in a database of plot structures. The results of behaviors were categorized into five types:
Start:
The start of behavior, but result is not yet known.
Continuation: The behavior has already started and continues, but the result is not yet available.
Abandonment: The behavior is abandoned before the result is known.
Success:
The behavior has been completed.
Failure:
The behavior could not be completed.
In 212 of Shinichi Hoshi's flash fiction works, three major thematic types were analyzed (stories about the universe, devils, and drugs) in terms of the characters' behaviors (Author 2015).
Example of Behavior Categorization
The effectiveness and validity of the proposed behavior classification is examined in the following examples. The first is taken from Shinichi Hoshi's very short work "Eternal Youth," which can be summarized as follows (Murai 2014 The sequence of events was divided manually by a coder at the points where the location changes, where the character changes, and where time has elapsed. In this case, the exit of the official divides the story. The reproducibility of the division by two independent coders was evaluated, and was statistically significant (Murai et al. 2011 ). The behavior was also categorized manually. In this case study, the validity of this categorization has not yet been evaluated statistically. In the opening sequence, the youth's behavior is categorized as "Dosing" the elixir of life, and the official's behavior is categorized as the "Donation" of that elixir. In the second sequence, the youth's behavior is categorized as "Forgetfulness" of libido and/or the concept of sexual pleasure. Table 5 shows an analysis of Shinichi Hoshi's story "Contractant" (Murai 2014 ). For each stage of the plot, the agent and target of the behavior, the motivation, and the result are listed in each row. The story can be summarized as follows: In accordance with the command of Lucifer, the Devil makes a contract with a man to take his soul in return for victory in a match. However, the Devil cannot fulfill the contract because he made the same agreement with two men who compete with each other. Therefore, the Devil relinquishes their souls and blames them for his failure instead. Table 5 shows that the relationship between the man and the Devil changes in stage 5 of the plot. Prior to stage 5, the man had asked the Devil to take the life of his opponent, but in stage 5, the Devil asks him to abandon the competition. This is an example of a punch-line pattern of reversal between agent and recipient. The punch line can be identified as a role reversal that ironically pivots on the same behavioral type. The content of the contract is also reversed in stage 5 of the plot.
Example of Plot Analysis and Punch Line

Types of Punch Lines
Based on the results of plot analysis, punch-line patterns in Shinichi Hoshi's works were manually extracted. Most of these include some reversal-type punch-line patterns. Those patterns are 
Automatic Extraction of Punch Lines
Among the punch lines related to reversal, reversals in the roles of characters and reversals of behaviors can be extracted relatively easily from the results of plot analysis. In addition to those, some evaluation reversal-type punch lines can be extracted as reversal-of-character behaviors included in the category "Evaluation." Similarly, some reality-unreality punch lines can be extracted as reversal-of-character behaviors included in the category "Perception."
Moreover, in some cases reversal-of-purpose punch lines can be extracted by using the motivation for behaviors. For example, if a man wants to earn money but loses money during the last stage of the story, the motivation and the behavior are both categorized as "Material," and the result is failure. In such cases, reversal-of-purpose punch lines can be identified as reversals in the motivation and results of behavior.
Accordingly, a prototype JAVA program was developed to extract punch lines based on reversals in the roles of characters and behaviors. The program extracted three types of reversals as follows:
1. The reversal of agent and recipient within the same behavior (including when the recipient is omitted)
2. The appearance of contrarily categorized behaviors (such as life and death), or the appearance of the same behaviors in both positive and negative forms 3. The same person's behaviors and motivation become reversed (in contrary categories or in the same category with opposite polarity)
The prototype JAVA program was used to analyze plot structure data. Approximately 60% of the punch lines in Hoshi's works were extracted as patterns of reversal. However, the results from the prototype JAVA program also included reversals that were not punch lines.
Therefore, it was necessary to select the valid punch-line patterns from all reversal patterns.
Rules for Selecting Valid Punch Lines
To evaluate the validity of punch-line candidates, the general common features of punch lines involving reversal patterns in the plot elements were examined based on the results of previous plot analyses. Two features were manually identified, as follows:
The possibility of being a valid punch line increases when there are similarities between the behaviors in the two plot elements that comprise the reversal pattern. To sort reversal patterns and identify the valid punch lines in most of Hoshi's analyzed works, those two features were implemented as an algorithm, as follows:
1. Candidate reversal patterns were extracted based on the above-mentioned rules.
2. The similarities between corresponding behaviors in each reversal pattern were evaluated as follows:
I. Behaviors are exactly the same. II. The small category of focus in table 1 and the person are the same in two reversal behaviors.
III. The small category of focus in table 1 is the same in two reversal behaviors.
IV. The large category of focus in table 1 is the same in two reversal behaviors.
V. There are no similarities. 3. Calculate the evaluation value for each reversal pattern as follows:
Evaluation value = Similarity × Distance between two behaviors Distance from end of the story Table 7 shows the results of the extraction and sorting of reversal patterns for the 212 stories. In total, the punch lines in 126 stories were extracted in the higher order. In this paper, "higher order" means that valid reversal-type punch lines lined from the top of automatically sorted (based on sorting algorithm above) list of reversal behaviors. Excluding no-punch-line stories, the ratio was 61%. Therefore, it is clear that the sorting of reversal patterns is effective when it is based on similarity and distant foreshadowing. Table 8 shows the same results of the extraction and sorting of reversal patterns from the viewpoint of nine punch-line types. In table 8, double-and triple-punch-line-type stories are excluded. The behavior-type punch line shows the highest ratio of extraction. Because behaviortype punch lines include behaviors of opposite polarity, the change of plot structure may be easier to extract. Except for evaluation-type, other reversal-type punch lines almost exceed 0.6 in extraction success ratio. In some cases, a character's evaluation for something is expressed not as verbs but as adjectives. Therefore, it may be difficult to extract changes of evaluation as behaviors of characters.
On the other hand, the extraction success ratio of other punch-line types (parody, true colors, and situation gets worse) seems fairly low. Therefore, this analysis focuses on the extraction of reversal-type punch line.
In some failure cases, knowledge about target objects of behaviors is necessary in order to identify reversal-type punch lines. For example, in one story about communication between aliens and Earthlings, the aliens sent a letter for friendship at the beginning, and they sent a bomb to kill Earthlings at the end. In this story, behaviors of aliens were not reversed. However, the functions of behaviors were reversed by changing the target objects of behaviors.
In other failure cases, the results of behaviors were not clarified. Therefore, some
inference mechanisms are needed to analyze punch lines of those types of stories. Moreover, ambiguous descriptions and indirect rhetoric are also difficult to analyze. Though The "true colors" punch-line type may be able to detect by extracting behaviors about the revelation of hidden attributes of some characters, extraction of other failure patterns would be difficult. In order to increase the success ratio, databases for story structures of famous stories and the polarity of objects would be necessary and algorithms for inference and rhetoric analysis would be essential.
In order to investigate the objectivity of this result, evaluation task of punch line was requested to another researcher. From successfully categorized stories (which were categorized as "Extracted in higher order" in table 8), 20 stories by Shinichi Hoshi were randomly selected and those were categorized again by the other researcher. As a result, 16 stories were categorized as "Extracted in higher order," 3 stories were categorized as "Extracted in other order," and 1 story was categorized as "Failed to extract." The resultant concordance ratio is 80%.
Conclusion
In this study, 212 works of flash fiction by Shin'ichi Hoshi were analyzed manually as a case study.
The analysis was based on plot descriptions with a focus on the behaviors of characters in the stories. To automatically detect punch lines, a prototype JAVA program was developed. Several reversal-type punch lines were automatically extracted from the plot descriptions of the 212 stories.
The features of similarity and distant foreshadowing were found to be effective for sorting reversal patterns to extract valid reversal-type punch lines.
This study was limited in that the works of Shin'ichi Hoshi and the results of the plot analyses were not double-checked. Therefore, there is a need to extend this analysis to other works and confirm the validity of methods used in this research. Moreover, plot analysis should be performed by multiple researchers, and the results should be checked objectively. 
